Roles of the two type II NADH dehydrogenases in the survival of Mycobacterium tuberculosis in vitro.
Most bacteria are able to generate sufficient amounts of ATP from substrate level phosphorylation, thus rendering the respiratory oxidative phosphorylation non-critical. In mycobacteria, including Mycobacterium tuberculosis, ATP generation by oxidative phosphorylation is an essential process. Of the two types of NADH dehydrogenases (type I and type II), the type II NADH dehydrogenase (Ndh) which is inhibited by phenothiazines has been thought to be essential. In M. tuberculosis there are two Ndh isozymes (Ndh and NdhA) coded by ndh and ndhA genes respectively. Ndh and NdhA share a high degree of amino acid similarity. Both the enzymes have been shown to be enzymatically active and are inhibited by phenothiazines, suggesting a functional similarity between the two. We attempted gene knockout of ndh and ndhA genes in wild type and merodiploid backgrounds. It was found that ndh gene cannot be inactivated in a wild type background, though it was possible to do so when an additional copy of ndh was provided. This showed that in spite of its apparent functional equivalence, NdhA cannot complement the loss of Ndh in M. tuberculosis. We also showed that NdhA is not essential in M. tuberculosis as the ndhA gene could be deleted in a wild type strain of M. tuberculosis without causing any adverse effects in vitro. RT-PCR analysis of in vitro grown M. tuberculosis showed that ndhA gene is actively transcribed. This study suggests that despite being biochemically similar, Ndh and NdhA play different roles in the physiology of M. tuberculosis.